Levan-forming systens (levansucrase) transfer the fi-fructofuranosyl group of sucrose in an essentially irreversible manner to carbinol sites in suitable acceptors (Hestrin, Feingold & Avigad, 1956 ). The levansucrase-mediated transfructosylation can be either 'polyrepetitive', leading to macropolymer (levan), or 'oligorepetitive', resulting in formation of oligosaccharides. Oligorepetitive transfructosylation is a property of ordinary mould and yeast fructosidases as well as of levansucrase. On the other hand, the capacity for polyrepetitive transfer appears to be specific for fructosylase of the levansucrase type for review see Bacon, 1954a). The factors which determine the polymerization ceiling of the oligorepetitive process and the relation of concurrent oligorepetition and polyrepetition in a levansucrase system acting on sucrose are uncertain.
Levan-forming systens (levansucrase) transfer the fi-fructofuranosyl group of sucrose in an essentially irreversible manner to carbinol sites in suitable acceptors (Hestrin, Feingold & Avigad, 1956 ). The levansucrase-mediated transfructosylation can be either 'polyrepetitive', leading to macropolymer (levan), or 'oligorepetitive', resulting in formation of oligosaccharides. Oligorepetitive transfructosylation is a property of ordinary mould and yeast fructosidases as well as of levansucrase. On the other hand, the capacity for polyrepetitive transfer appears to be specific for fructosylase of the levansucrase type  for review see Bacon, 1954a) . The factors which determine the polymerization ceiling of the oligorepetitive process and the relation of concurrent oligorepetition and polyrepetition in a levansucrase system acting on sucrose are uncertain.
Previous investigators (Kohanyi & Dedonder, 1951; French & Wild, 1953) have reported the formation of a series of non-reducing oligofructosylglucose compounds from sucrose by the levan-forming cells and cell extract of Bacillu8 8ubtilis. On the basis of paper-chromatographic analysis these investigators drew the inferences that oligosaccharides accumulated in this system are short-chain levans terminated by glucose in sucrose configuration and that they are intermediates of levan production. Conclusive proof of these inferences was not offered. Oligosaccharides formed from sucrose need not in fact be either obligatory or even facultative intermediates of levan synthesis, but could be formed incidentally to the process of levan production.
The present communication describes the isolation and tentative identification of ten oligosaccharides formed from sucrose by a levan-forming system derived from Aerobacter levanicum. An abstract of this work was published previously .
METHODS AND MATERIALS Enzymes.
A solution of A. levanicum levansucrase was prepared by sonic disruption of cells (Hestrin et al. 1956 ).
The standard sucrose-levansucrase mixture contained 1 vol. of levansucrase solution, 2 vol. of McIlvaine phosphate-citrate buffer, pH 5 4, and 2 vol. of 15% (w/v) sucrose solution at 370 under toluene.
Yeast invertase was a commercial concentrate (British Drug Houses Ltd.). This was used in a final dilution of 1: 20, with an incubation time of 2 hr. at 250 and pH 4-5 (acetic acid).
Notatin for glucose tests was purchased from Bios, Inc., New York, U.S.A. A preparation of dextransucrase was kindly given by Dr H. M. Tsuchiya. Reference substances. The methods of preparing a series of reducing oligolevans and oligoinulins and 6F_f-fructosylsucrose, l1F-.-fructosylsucrose and 6G-fl-fructosylsucrose have been mentioned by Hestrin et al. (1956) . A sucroseyeast invertase oligosaccharide series was prepared as described by Bacon & Edelman (1950) . Reference specimens of 6G0--fructosylsucrose, JF_-,fructosylsucrose and 6F.P-f fructosylsucrose were kindly provided by Dr D. Gross.
Analytical methods
Descending paper-partition chromatography. This was performed on filter paper (Whatman nos. 1 and 2) at room temperature (about 300). Solvent systems and the degree of polymerization (DP) ranges in which they proved efficient are given in Table 1 .
Spray reagents. Aniline oxalate (Horrocks & Manning, 1949) detected aldose (free and combined) in the presence of ketose. Urea-phosphoric acid (Wise, Dimler, Davis & Rist, 1955) detected ketose (free and combined) in the presence of aldose. Alkaline triphenyltetrazolium chloride (Wallenfels, 1950 ) and alkaline 3:5-dinitrosalicylate (Jeanes, Wise & Dimler, 1951) were employed to detect the presence of a free reducing function. Benzidine-trichloroacetic acid (Bacon & Edelman, 1951 ) served both as a general test for carbohydrate and means of differentiating between glucose and fructose. Whereas glucose with benzidine gave a deep-brown spot distinguished by a bright halo under ultraviolet light, fructose formed a bright-yellow spot which stood out in the ultraviolet as a bright area.
Paper electrophoresis. Ionophoretic mobilities were measured in borate buffer, pH 9-2, on filter paper (Whatman no. 3MM, strips 6 cm. x 40 cm.) at 35v/cm. and 10-20 mA. at 40 in the apparatus of Consden & Stanier (1952) . Ketoses were detected on the paper in the presence of borate either with urea-phosphoric acid (Wise et al. 1955 ) or x-naphtholphosphoric acid (Albon, Bell, Blanchard, Gross & Rundell, 1953) . lonophoretic mobilities in a high-voltage field (Gross, 1953) were kindly determined by Dr D. Gross. Modified diazouracil test. The diazouracil test, originally designed by Raybin (1933) for use with 40-50 mg. of sugar, was adapted for use with 0 5 mg. of sucrose or raffinose. Circular depressions (diameter 5 mm., depth 5 mm.) reamed out of a Perspex block served as reaction vessels. Diazouracil suspension (50t,l.), prepared immediately beforehand by shaking about 2 mg. of dry substance with 1 ml. of 0-1 N-NaOH, was added to 0 1 ml. of solution of test sugar and the mixture allowed to stand at 15-20°for 10 min. The colour reaction (yellow-green) was best read against an illuminated background. Detection of enzyme action. To conserve valuable substrate, the action of levansucrase, dextransucrase and yeast invertase were examined by the capillary-tube technique (Hestrin et al. 1956 ).
Preparative methods
Media. A. levanicum fermentations (batch sizes 1-24 1.) were conducted in liquid medium in large glass bottles at 300 with occasional manual agitation. With sucrose as carbon source, both nutrient broth (pH 7 2) and a synthetic medium gave essentially similar results. The stock solution of synthetic medium was of the following composition (g./l.): Na2HPO4,12H2O, 15; KH2PO4, 2-2; (NH4)2SO4, 2-0; MgSO4,7H20, 0-2; CaCl,2 0 01; FeSO4,7H20, 00005; pH 7-2.
Sucrose conversions by cell-free levansucrase solution (batch size 2 1.) were performed in Mellvaine citrate-phosphate buffer (final dilution 2:5) at pH 5-4 at 370 under toluene. Clarification of crude fermentation liquors and digests. Cells and debris were removed by centrifuging in a Sharples supercentrifuge. To free from levan and to reduce the amount of contamination of product by nitrogenous constituents and salts, the effluents were brought to 66% (v/v) ethanol with vigorous stirring and allowed to stand overnight before decantation. The solutions were reduced in volume and finally cleared again with ethanol, and with the barium-zinc reagent of Somogyi (1945) where necessary.
Removal of solvents. Solutions were concentrated at pH 7 (BaCO3) under reduced pressure at 500. A circulating evaporator (Mitchell, Shildneck & Dustin, 1944) Decker (1951) .
EXPERIMENTAL AND RESULTS
In addition to sucrose, hexoses (fructose, glucose) and macropolymer (levan), nine carbohydrate components were demonstrated in the sucroselevansucrase digest by paper chromatography (Fig. 1) 
Bioch. As judged from paper chron relative abundance of oligosacchari n>a>h>i-r-k>w-4 Only n and a were seen in a chron unconcentrated reaction mixture Hestrin et al. 1956 ). Measurements of n and a and total oligosaccha presented by Hestrin et al. (1956) .
The order of emergence of chai carbon column is indicated in Fig (1953) . As an additive function, log cx' of a linear polymer can be expected to be the sum of increments contributed respectively by the tail term, the head term and the mid terms of the polymer, that is, log c' = x -y -mz, where x is the contribution of the head term, -y that of the tail term, and -z that of each of m mid terms. This expression need not necessarily be valid for low values of m, ifproximity either to a head or tail term tends to influence the contribution made by a mid term. Fig. 4 shows that, in DP range 3 and above, the plot of log oc' against DP is linear both for the reducing oligoinulin series and the reducing oligolevan series as well as for the non-reducing series nahc. In the DP range 3 and below, on the other hand, changes in slope of log oc' with DP could be shown for all three fructosan series mentioned here. Since the log oc' function of oligosaccharides nahe forms a straight line which clearly does not pass through i, it is probable that oligosaccharides nahc are successive members of a polymer series of which the first member is n and of which i is not a member.
Pre8umptive 1F-fp-fructo8sytucro8e serie8 (nahc)
To examine the hypothesis that oligosaccharides nahc arise from one another by the sequential addition of a fructosyl group, the isolated components were incubated separately each at about 5 % concentration with levansucrase in the presence Similarly, under corresponding test conditions, i accepted fructosyl, giving a product (j) with paperchromatographic mobility similar to h (see Fig. 4 ). n: As mentioned above, the negative Raybin test of n and i and their failure to yield either levan or fructose in the levansucrase test (cf. Hestrin et al. 1956 ) show that neither n nor i can be a substance of the structural pattern fr gl> fr (e.g. neokestose = 6'-fl-fructosylsucrose). Hence these two nonreducing trisaccharides can only be of the structure fr < fr gl (e.g. 1-kestose = l-fl-fructosylsucrose).
The general qualitative properties, optical rotation and glucose/fructose ratio of oligosaccharide n suggest that it is the I'-fl- (Bacon, 1954b) ; ccl of the sucrose-mould invertase oligosaccharide series (Bacon & Bell, 1953; Barker, Bourne & Carrington, 1954) ]. The isolated substance was pure both chromatographically and ionophoretically. The paper-chromatographic and inophoretic mobilities of this product were indistinguishable from those of an authentic specimen of 1F'-,-fructosylsucrose. Further, dextransucrase failed equally to act on either n or authentic l-F.-fructosylsucrose.
a, h and c: The identity of slope of the log a' function of oligosaccharide series nahe and that of the reducing series of oligoinulins accord with the notion that a, h and c are short-chain inulins terminated by glucose in the sucrose configuration. Unfortunately, the slopes of the log cc' functions of the reducing oligoinulin series and that of the reducing oligolevan series are not markedly different (cf. Fig. 4 ). Hence no definite conclusion can be reached from these data whether the interfructosidic linkages in a, h and c are all 2: 1 rather than a mixture of 2: 1 and 2: 6. An occurrence of branching in the l-fl-fructosylsucroside chains would probably have manifested itself in a discontinuity in the slope of the log cc' function (cf. French & Wild, 1953 been observed that transfructosylation to 6'-flfructosylsucrose by levansucrase yields a product identical in paper-chromatographic mobility with oligosaccharide a (Hestrin et al. 1956 ).
6F-fl-Fructo8yl8ucrose (i)
It has already been noted above that i, like n, cannot be a G-B-fructosylsucrose and thus must be an F-fl-fructosylsucrose. On the basis of paperchromatographic mobility, it is 6P-f-fructosyl-
furanosyl-(6 -+ 2) P-D-fructofuranoside; 6-kestose; spot III of the sucrose-yeast invertase oligosaccharide series (Albon et al. 1953) ]. However, 6'-pfructosylsucrose is a major oligosaccharide product of yeast-invertase action, whereas i occurs in the sucrose-levansucrase system only in minute amounts. Dextransucrase failed to act on either i or authentic 6'-P-fructosylsucrose.
Authentic 6F-fl-fructosylsucrose and i were capable of serving with levansucrase as fructosyl acceptors. It may be noted that transfructosylation to 6F-f-fructosylsucrose by levansucrase afforded a product (j) with paper-chromatographic mobility resembling oligosaccharide h (Fig. 4) . The presence of the 6e-,-fructosylsucrose residue in the molecules of the fractions designated h and c is therefore conceivable. In view of the low concentration of 6F-pB fructosylsucrose in the reaction mixture and the fact that its acceptor activity does not exceed and is probably less than that of 1'-f-fructosylsucrose, the amounts of 6'-fl-fructosylsucroses that are present are probably negligibly low.
Reducing di8accharides
On the basis of the presence or absence of glucose in the molecule, two subgroups of reducing disaccharides were differentiated: fructosylglucoses and difructoses. The term 'fructosylglucose' is used as a group name for disaccharides that are formed from glucose by the introduction of a ,B-fructofuranosyl group in any glucocarbinol position.
FructosylglUcoses (w, r and k) These compounds could be formed by transfructosylation to glucocarbinol positions either in free glucose, or in sucrose with subsequent degradation ofthe difructosylglucose formed. To distinguish between these possibilities, the effect of a hexosespecific yeast (Torulopsis glabrata) on oligosaccharide synthesis in the sucrose-levansucrase system was examined, with results given in Table 4. It is evident that inclusion of yeast markedly increased the amount of sucrose utilized and the attendant levan formation. This effect can be ascribed to the removal of glucose, a product which inhibits levansucrase action. The data show further that when hexoses (glucose and fructose) were removed from the reaction system as fast as they appeared some production of fructosylglucoses nevertheless still occurred. When levansucrase with sucrose (5 %, w/v) acted in the presence of added glucose (7 %, w/v) the rate of disappearance of sucrose was markedly retarded, but the relative proportion of fl-fructosylglucose in the total products of transfer reactions was shown (by chromatographic analysis for 6-,f-fructosylglucose) to have been increased several times. This observation has supported the supposition that some transfer of fructosyl occurs from a sucrose donor to the carbinol group of free glucose as acceptor. Table 4 . Influence of hexose-specific yeast on the production of reducing disaccharides froM sucrose by levansucrase Reaction mixture (10 ml.) containing 4-5% (w/v) of sucrose, 2 ml. of McIlvaine buffer, pH 5*4, 3 ml. of enzyme and 2 ml. of a heavy suspension of Torutopsis glabrata cells was shaken at 350 for 7 hr. Chromatographic analysis showed that yeast added had sufficed to remove hexoses as fast as these were formed. After removal of cells by centrifuging, reaction was terminated by heating. In a control experiment, the yeast was added after the heating and was subsequently removed after accumulated hexoses had been fermented. Levan was removed by precipitation with ethanol. Supernatant fluids were reduced in volume to a syrup which was taken up in 5 ml. of water. Sucrose still present was decomposed specifically by incubation with a special yeast sucrase (Hestrin & Lindegren, 1952) . Solutions were again treated with T. glabrata, cells were removed and the supernatant fluids treated with ionexchange resins (Amberlite r: This is a new fl-fructofuranosyl-D-glucose isomer. On paper chromatograms it lags behind glucose but runs well ahead of sucrose or o (Fig. 2) . lonophoretically, r is slower than inulobiose and faster than levanbiose (Fig. 3) . The specimen was chromatographically pure.
According to a rule proposed by Foster (1953) , an identical constituent introduced into glucose at different carbon sites alters the ionophoretic mobility in a characteristic manner. Substitution at C-3 and C-6 respectively yields a pair of products which have approximately the same ionophoretic mobility, whereas substitution at C-2 and C-4 yields products of another mobility. Since the ionophoretic mobility of r was markedly different from that of 6-,8-fructosylglucose, application of Foster's rule suggests that r is not 3-fi-fructosylglucose but that it could be 2-or 4-fl-fructosylglucose.
A choice between these alternatives could be made on the basis of the reaction of r towards alkaline triphenyltetrazolium chloride reagent of Wallenfels (1950) . The susceptibility of this reagent to reduction by fructose is diminished markedly by introduction of a substituent in the primary hydroxyl group adjacent to the reducing carbonyl function. Thus inulobiose (2: 1-linkage) did not react with the tetrazolium reagent, whereas levanbiose (2:6-linkage) reduced it readily. The inactivity of C-i-substituted methylfructose derivatives towards triphenyltetrazolium has been noted by Bell & Dedonder (1954) . Compound r was inert to triphenyltetrazolium, whereas k and 6-/3-fructosylglucose reduced it readily. Hence r is probably 2-0-p-D-fructofuranosyl-D-glucose.
k: This oligosaccharide is also a new ,B-fructofuranosyl-D-glucose isomer. The paper-chromatographic mobility of this compound is quite remarkable: k runs as glucose in solvent 1; it runs faster even than glucose and alnost as fast as fructose in solvent 2. Ionophoretically, k lags slightly behind I of the yeast-invertase series (see Fig. 3 ). The isolated compound was chromatographically pure. Ionophoresis revealed a barely discernible contamination of the product by o and r.
k is clearly not identical with the yeast invertase oligosaccharide I (6-fi-fructosylglucose). Since k reacted with triphenyltetrazolium chloride and further differed from r chromatographically, k could be either 3-or 4-0-fl-D-fructofuranosyl-Dglucose. Since the ionophoretic mobilities of k and 6-,B-fructosylglucose were found to be fairly close, the application of Foster's rule suggests that k is probably 3-0-f-D-fructofuranosyl-D-glucose.
Periodate oxidation of the bromine-oxidized fructosylgluco8e8. The foregoing deductions concerning the structures of the isomeric fl-fructosylglucoses, w, r and k, were confirmed by conversion of the sugars into the corresponding ,B-fructosylgluconic acid isomers, followed by oxidation with sodium metaperiodate. The observed yields of formic acid, together with theoretically expected values for the different isomers, are shown in Table 5 . The disaccharide (about 30tomoles) was oxidized with Br2 in presence of BaCO8 (Seegmiller & Horecker, 1951 Good agreement is evident between the results of periodate oxidation and the deduction previously drawn about the structure of these substances. Disaccharide w, shown previously to be indistinguishable from the known 6-fl-fructosylglucose, afforded about 2 moles of formic acid, in agreement with expectation. The assumption was made that glycollic acid and the system -CH(OH). CO2H are only negligibly attacked by periodate under the conditions employed (Jackson, 1944) . Further, k, tentatively designated by us as 3-fl-fructosylglucose, afforded almost exactly 1 mole of formic acid, and hence, as Table 5 shows, must have the structure previously suggested. Apart from 6-fl-fructosylglucose, shown to be substance w, only 2-fl-fructosylglucose would be expected to yield 2 moles of formic acid. The fact that r afforded approximately 2 moles of formic acid thus confirms that r is indeed 2--fructosylglucose.
The observed agreement between the structures assigned on the basis of periodate oxidation and the inferences based on oxidation of the isomers by alkaline triphenyltetrazolium chloride lends support to the suggestion that the failure of an aldose or ketose to reduce the tetrazolium reagent constitutes presumptive evidence for the presence of a substituent at C-2 of the aldose or at C-1 of the ketose. Since this test is rapid and can be conducted on a micro scale it is suggested that it could be one of general diagnostic value in a preliminary study of the structure of a carbohydrate.
The present results accord well with Foster's (1953) rule of electrophoretic mobility. In addition, it can also be indicated that introduction of the same substituent (fl-fructosyl) into glucose affects paper-chromatographic mobility of this hexose to different degrees according to the position of substitution. The mobility values form a series in the following descending order (numerals refer to the carbon position of the substituent): 3, 2, loc, 6.
Difructoses (o)
The paper-chromatographic mobility of o was as that of spot V of the sucrose-yeast invertase oligosaccharide series (White & Secor, 1952; Gross, 1954) . Like V, o was a mixture of at least two difructoses which could be resolved ionophoretically from one another and from sucrose. Gross (1954) and which is still of unknown structure was not found in o.
When levansucrase acted on sucrose in the presence of excess of hexose-specific yeast, the production of difructoses was markedly decreased if not abolished ( been found to hydrolyse both 2-and 3-fi-fructosylglucose readily, these compounds appear to belong together with sucrose (cf. Edelman, 1954 ) in a category of substrates which may be hydrolysed yet cannot be formed by yeast invertase.
Several observations suggest that the magnitude of the energy term associated with the synthesis of a glycoside depends on the carbinol involved. Thus synthesis of starch from sucrose is reversible, whereas that of dextran is practically irreversible . Further, conversion of dextrin into dextranhas been found to be practically irreversible (Hehre & Hamilton, 1951) . Finally it is known that Q-enzyme forms amylopectin from amylose in an essentially irreversible manner (Barker, Bourne, Wilkinson & Peat, 1950) . These observations make it likely that -AF' (free-energy charge) of hydrolysis of a glycosidic linkage is substantially lower when the position ofsubstitution is a primary rather than a secondary carbinol. This conclusion permits of a rationalization of the observation that transfructosylation to secondary glucocarbinol positions is observed from the energy-rich fructosyl complex formed from sucrose by levansucrase (Hestrin et al. 1956 ), but not from the complex of lower energy formed practically irreversibly from sucrose by yeast invertase.
The physiological status of oligosaccharides generated from sucrose respectively by A. Ievanicum and by yeasts and moulds are distinct. In the yeast and mould systems the oligosaccharides appear as intermediates which are hydrolysed by the system which produces them. In A -levanicum, on the other hand, the products of transfructosylation (oligosaccharides and levan) resist hydrolysis and their formation in culture even represents a loss of fermentable carbon to the organism. The biological utility ofeither oligosaccharide or levan synthesis in A. levanicum is not evident. SUMMARY 1. A series of fructo-oligosaccharides was formed from sucrose by growing cells ofAerobacter levanicum and by the cell-free levansucrase solution of A. levanicum. All the formed fructo-oligosaccharides were readily hydrolysed by yeast invertase but were not measurably degraded by levansucrase. Their separation, purification and probable structures are described.
2. The major oligosaccharide product of reaction was lF-,B-fructosylsucrose. Traces of 61-fl-fructosylsucrose were produced.
3. Oligorepetitive transfructosylation from sucrose to 1-fl-fructosylsucrose gave mono-, di-and tri-fructosides of l-,8-fructosylsucrose. By transfer to 6e-B-fructosylsucrose a monofructoside of this trisaccharide was formed.
4. Transfructosylation from sucrose to fructose afforded the f-fructosylfructose isomers, inulobiose and levanbiose. 5. Transfructosylation from sucrose to carbinol positions in glucose (both free glucose and the glucosylmoiety ofsucrose) resulted inthe production of isomeric ,B-fructosylglucoses: the known 6-and the hitherto unknown isomers, 2-and 3-/3-fructosylglucoses.
6. The energy requirement of glycoside synthesis at the secondary and primary carbinol positions of glucose is discussed. 
